Nicotinic receptor function has been described in the retinas of a variety of vertebrate species. Neuronal bungarotoxin (NBT, also known as bungarotoxin 3.1, toxin F, or K-bungarotoxin) blocks nicotinic receptors in several neuronal preparations, while the neuromuscular antagonist cr-bungarotoxin (BGT) fails to block most of these receptors.
NBT (100 nM), but not BGT (10 @I), substantially blocks nicotinic function on ganglion cells in intact chick retina. Y-NBT binds to 2 sites in homogenates of chick retina; one site that is shared with BGT (/Cd = 5-7 nM, S,,, -500 fmol/retina) and one which is not (/Cd = 2-3 nM, B,,,.,, -100 fmol/retina). Nicotinic transmission is known to be important in sensory processing in the retinas of the rabbit (Masland and Ames, 1976; Ariel and Daw, 1982a, b) and cat (Ikeda and Sheardown, 1982) . In addition, nicotinic function is believed to play an important physiological role in retinas of other species (reviewed by Neal, 1983; Puro, 1985) . Recently, we have demonstrated that isolated ganglion cells from rat retina possess functional nicotinic receptors (Lipton et al., 1987) , suggesting that the nicotinic ef-fects of ACh in the retina occur, in part, directly on ganglion cells. Nicotinically driven ganglion cells are thought to be involved in the detection of stimulus motion (Ariel and Daw, 1982a, b) . In addition, nicotinic receptors may mediate trophic functions affecting process outgrowth in the retina (Lipton et al., 1988) . Snake venom neurotoxins, such as a-bungarotoxin (BGT), have proven invaluable in characterizing nicotinic receptors from muscle. Although BGT has been used as a marker for neuronal nicotinic receptors (e.g., Vogel and Nirenberg, 1976; Wang and Schmidt, 1976) , in most cases, BGT fails to block nicotinic receptors on neurons (reviewed by Chiappinelli, 1985) . For example, we have found that 10 FM BGT has no effect on nicotinic receptor function found on isolated ganglion cells from rat retina (Lipton et al., 1987) .
Experiments by Chiappinelli and Zigmond (1978) were the first to suggest that Bungarus multicinctus venom contains neurotoxins other than BGT that block neuronal nicotinic receptors. Ravdin and Berg (1979) subsequently purified such a toxin, which they referred to as bungarotoxin 3.1. Bungarotoxin 3.1 has an apparent molecular weight on SDS-PAGE of 6.5 kDa and blocks nicotinic function in cultures of chick ciliary neurons. Similar neurotoxins, referred to as toxin F (Loring et al., 1984) and K-bUngarOtOXin (Chiappinelli, 1983) have also been purified. Recently, we established by amino acid sequence data and other biochemical properties that bungarotoxin 3.1, toxin F, and K-bungarotoxin are, in fact, the same neurotoxin (Loring et al., 1986) . Therefore, the term "neuronal bungarotoxin" has recently been suggested as a common name to describe this neurotoxin . In the present study, we have examined the effect of neuronal bungarotoxin (NBT) on nicotinic receptors in the chick retina and have examined the binding properties of lZ51-NBT to this CNS preparation.
Materials and Methods
Electrophysiological measurements. Depolarizations in whole chick retinas due to exogenously applied dimethylphenylpiperazinium (DMPP) were recorded using a modification of a recording technique developed for autonomic ganglia (Loring, 1985) . Eyecups were prepared from 2-7-d-old chicks and constantly perfused with Tyrode's solution (130 mM NaCl, 3 mM KCl, 20 mM NaHCO,, 17 mM dextrose, bubbled with 95% 0,/5% CO,, 0.01% wt/vol nhenol red) containing 10 mM M&l, and 0.1 mM Call, to inhibit synaptic interactions. The [yecup was sippbrted in a plastic chamber. A unipolar suction electrode (Ag+/AgCl) was attached to the cut optic nerve through a slit in the perfusion chamber. Excess medium was removed via vacuum suction. The perfusion rate was approximately 4 ml/min, and the volume in the eyecup was about 100 ~1. Antagonists were perfused into the eyecup, but agonists were added as a 50 pl drop directly into the eyecup solution. The DC potential between the suction electrode on the optic nerve stump and a unipolar Ag+/AgCl electrode placed within the eyecup solution was amplified and continually monitored on an oscilloscope. An additional Ag+/AgCl electrode placed in the eyecup solution and connected to ground served to reduce electrical noise. Both electrodes placed in the eyecup solution were enclosed in Tyrode-filled glass capillaries to isolate the electrodes from the effects of changes in the fluid level, and all electrode leads were shielded. Experiments were performed at ambient temperature under normal room lighting.
Binding assays. 12SI-NBT and Y-BGT were iodinated as previously described (Loring and Zigmond, 1987) . NBT was purified by the method of Loring et al. (1986) and BGT was obtained from Biotoxins Inc. Retinas from embryos and from Id-d-old posthatch chicks were dissected in Eagle's minimum essential medium (GIBCO) and then frozen in liquid N, and stored at -70°C prior to use. Embryonic retinas were derived from pathogen-free eggs (SPAFAS), while those from hatched chicks were from white leghorn cockerels obtained from local hatcheries.
Retinas were homogenized in PBS (10 mM NaPO,, pH 7.5, 155 mM NaCl) containing 5 mM phenylmethylsulfonyl fluoride, 1 mM EGTA, 1 mM EDTA and 1 mg/ml BSA, unless otherwise noted. Typically, retinal homogenate was incubated with radioactively labeled toxin and any competing ligands in a final volume of 100 pl at room temperature and then layered over 0.9 ml of centrifugation buffer (0.1 M NaCl, 10 mM NaPO,, pH 7.5, 0.32 M sucrose, 1 mM MgCl,, 1% BSA) at 4°C in a 1.5 ml Eppendorf centrifuge tube. After centrifugation for 3 min at 4"C, the supematant was aspirated and the pellet washed twice and centrifuged for 3 min each time with 0.6 ml centrifugation buffer. After removing the supematant, the radioactivity bound to the pellet was determined in a gamma counter.
Because of the possibility that the centrifugation assay may underestimate the portion of rapidly dissociating lZSI-NBT due to the lengthy centrifugation steps, one experiment to determine the dissociation rate of 12SI-NBT was performed using a filtration assay. Retinal homogenate was incubated with radioactively labeled toxin at room temperature. Aliquots (100 ~1) were then filtered through a Whatman GT/C fiberglass filter using 3 rinses (3 ml each) of 150 mM NaCl, 10 mM NaPO,, pH 7.5, and 0.1 mg/ml BSA at 4°C. The total filtration time for each sample was less than 1 min. The filters were preequilibrated with the rinse solution for 3 hr at 4°C and, after filtration, counted in a gamma counter.
The ability of cholinergic drugs to inhibit lZ51-NBT binding to chick retina homogenates was determined by including various concentrations of the ligands in binding assays that also included 1 PM BGT. Chlorisondamine was obtained from Ciba-Geigy, preparations from 7-d-old chicks were incubated in oxygenated Tyrode's solution containing 2 mM CaCl,, 1 mM MgCl,, 1 mg/ml BSA, and 2 nM 1251-NBT, together-with any competing ligands. The eyecups were kept at 37°C in the dark in a humidified and oxvgenated chamber for 45 min. Each eyecup was then washed 3 times fb; 10 min each with 3 ml oxygenated Tyrode's containing BSA at room temperature and fixed in 2.8% glutaraldehyde in 0.12 M NaPO, buffer, pH 7.4. The retina, together with the choroid and pigmented epithelium layers, was removed from each eyecup and the bound radioactivity determined in a gamma counter. After 4 hr in glutaraldehyde at room temperature, the retinas were then washed twice for 10 min each in 0.12 M NaPO, buffer at 4°C and then postfixed overnight in 1% 0~0, in phosphate buffer at 4°C. The tissues were then washed in buffer, dehydrated in increasing ethanol solutions, and then embedded in Epon. Half-micrometer cross-sections of retina were cut on a microtome and mounted on glass slides for autoradiography using Ilford L-4 emulsion. After exposure for l-2 months, the autoradiograms were developed in Kodak D19 (4 min at room temperature). For the immunochemical localization of choline acetyltransferase activity, a retina from an 8 d posthatched chick was fixed by immersion in Zamboni's fixative (Zamboni and Demartino, 1967) overnight. The retina was immersed in 20% sucrose in PBS (50 mM NaPO,, pH 7.2; 137 mM NaCl) before freezing, and then 10 hrn cryostat sections were collected on chrome alum-coated slides. The slides were treated for 10 min in 2.7% H,O, in PBS to reduce endoperoxidase activity, washed, and then incubated overnight in a 1:3000 dilution ofrabbit anti-chicken choline acetyltransferase serum (Johnson and Epstein, 1986) in PBS containing lOoh goat serum, 0.3% Triton X-100, and 0.1% sodium azide. Controls consisted of sections incubated with a similar dilution of normal rabbit serum. The sections were then stained by the peroxidase-antiperoxidase method of Stemberger (1979) .
Results
NBT antagonism of nicotinic agonist-induced retinal depolarization NBT substantially blocks a depolarization activated by the nicotinic agonist DMPP in intact chick retina (Fig. 1 ). Both 10m4 M kainic acid, an excitatory amino acid analog, and 10m4 M DMPP induce depolarizations in intact retina under control conditions (Fig. 1A) . Hexamethonium ( 10m4 M; Fig. 1 B) , d-tubocurarine, dihydro-fi-erythroidine, or trimethaphan ( 1O-4 M each; data not shown) substantially blocks the DMPP-induced depolarizations while having little effect on the kainic acidinduced depolarizations. Ten micromolar 6-cyano-7-nitroquinoxaline-2,3-dione (CNQ X), an antagonist primarily for non-NMDA excitatory amino acid receptors (Honor& et al., 1988), completely blocked the kainic acid response but had no effect on the DMPP-induced depolarization (data not shown). The depolarization induced by DMPP involves a receptor that is sensitive to reduction. Treatment by 10m3 M dithiothreitol completely abolishes the DMPP response but not the kainic acid response (Fig. lD) , and the DMPP response is completely restored by reoxidation by 10m3 M dithiobisnitrobenzoic acid (Fig.  1E ). BGT (1O-5 M) applied for 1 hr had no effect on the DMPP response ( In 3 preparations, 100 nM NBT blocked the DMPP response by 50-90% with no effect on the kainic acid responses. Thus, these data suggest that NBT antagonizes nicotinic receptors found in chick retina. Furthermore, since synaptic interactions in the retina were substantially blocked by the highMgz+, low-Ca2+ conditions used in the recording medium, these receptors are presumably located on retinal ganglion cells, whose axons constitute the optic nerve. Interestingly, not all of the nicotinic response in the chick retina is blocked by concentrations of up to 750 nM NBT (data not shown).
lZSI-NBT binding to retinal homogenates
Previous evidence demonstrated that '251-NBT binds to 2 distinct sites in chick ciliary ganglia: one that is recognized by BGT and another site that is not (Chiappinelli, 1983; Loring et al., 1984; Halvorsen and Berg, 1986; Loring and Zigmond, 1987) . To determine if this is also the case in the CNS and specifically in chick retina, the concentration dependence of lZ51-NBT binding to retinal homogenates was determined in the absence of competing toxins or in the presence of either unlabeled 1 PM BGT or 1 WM NBT ( Recordings from a single eyecup preparation were performed as described in Materials and Methods. A, Control responses to DMPP and to the excitatory amino acid analog, kainic acid. upper truce (KA) represents the response to application of 50 ~1 of 100 FM kainic acid, which served as a control response throughout the experiment. Lower truce (DMPP) represents the depolarization after application of 50 pl of 100 PM DMPP applied 4 min before the kainic acid response. A 4 min recovery period between the application of DMPP and kainic acid was used throughout the experiment. B, Responses to kainic acid and DMPP 10 min after continual perfusion with 100 PM hexamethonium.
The DMPP response is blocked by at least 90%. C, A 15 min washout of hexamethonium led to a substantial recovery of the DMPP response. D, Reduction by 1 mM dithiothreitol (DTT) for 20 min completely blocked the DMPP response but had little effect on the kainic acid response. E, Oxidation by 1 mM dithiobisnitrobenzoic (DTNB) acid for 5 min followed by a 5 min washout restored the DMPP response. F, A 1 hr treatment with 10 I.IM BGT had little, if any, effect. Five ml of 10 pc~ BGT had been recirculated 1 hr. The recording shown was taken 8 min after washing out the toxin. G, One hr in 100 nM NBT substantially blocked the DMPP response (75% decrease in amplitude). Five ml of 100 nM NBT in oxygenated Tyrode's had been recirculated through the eyecup and then washed out for 1 min prior to making the above recordings. H, After 1 hr washout, partial recovery (to only a 50% decrease from the control amplitude) was observed for the DMPP response. No further recovery in the DMPP response was observed for up to 17 hr (not shown). Rate of ' 251-NBT binding Since BGT does not block nicotinic function in the chick retina (as measured by the electrophysiological recording scheme used in this paper) or in patch-clamp recordings of isolated ganglion cells from rat retina (Lipton et al., 1987) , we concentrated our efforts on the NBT-specific binding site as the site most likely to represent binding to functional nicotinic receptors. lZ51-NBT binds to this site with a single apparent on-rate (K,,,,J of 0.0311 min-' (Fig. 3) . The dissociation of 1251-NBT from this site is more complex (Fig. 4) , consisting of an initial rapidly dissociating component and a slower component with an estimated tn of dissociation of 10.5-25 hr (n = 4). The experiment shown in Figure 4 using a filtration assay suggests that the rapidly dissociating component may represent 60% of the total binding and that the centrifugation assay may underestimate the portion of lZ51-NBT binding that rapidly dissociates by 30%. Y-NBT binding to chick retina homogenates in the presence of 1 PM BGT is displaceable by a variety of nicotinic agents (Fig. 5, Table 1 ). The most potent inhibitor of 1251-NBT binding was unlabeled NBT (IC,, = 3 x 1O-9 M), followed by agonists such as lobeline (IC,, = 3.6 x 1O-8 M), L-nicotine (IC,, = 6.3 x lo-' M), and cytisine (IC,, = 7.9 x lo-' M). The IC,,'s and calculated K1 values for these and several other drugs are found in Table 1 . Certain nicotinic antagonists thought to be, in part, channel blockers (Ascher et al., 1979) , such as mecamylamine, hexamethonium, and pempidine, failed to block 50% of the specific NBT binding at concentrations as high as 1O-3 M. In addition,
BGT fails to block 1251-NBT binding further at 1O-5
M. Furthermore, it should be noted that none of the ligands tested besides unlabeled NBT block lZ51-NBT binding by more than 80-90%. For instance, no greater blocking effect of lobeline is observed at concentrations greater than 1O-6 M (Fig. 5 ), even though a significant amount of NBT binding, approximately 20%, remains. These data suggest that a fraction (lo-20%) of the NBT-specific site may not represent nicotinic receptors.
Developmental changes in lz51-NBT and 12jI-BGT binding in chick retina Developmental changes in levels of both 1251-NBT and lZ51-BGT binding in the chick retina were also investigated by examining binding in retinas from embryonic day 8 through day 4 posthatch chicks (Table 2 ). The 1251-NBT site displaced by NBT but not by BGT was undetectable at 8 d of embryological development and increased to about 10 fmol/mg protein at 4 d after hatching. A similar developmental time course was seen for 1251-BGT binding. Interestingly, these experiments revealed that the 1251-NBT binding displaced by BGT represents less than 10% of the total BGT site determined using 1251-BGT at all ages tested. These data suggest that there are at least 3 toxin binding sites in the chick retina: The NBT-specific binding site, the site NBT shares with BGT, and a site recognized only by BGT. An alternative explanation of the data is that 1 KM NBT is not a sufficient concentration to occupy all of the BGT sites, but this seems unlikely since the Kd of lZ51-NBT binding to the site shared with BGT is 5-7 nM (Fig. 2) . The nature and function of both the BGT selective binding site and the shared site remain to be determined. Recently, Wolfet al. (1988) have reported that NBT binds with variable affinities to multiple subtypes of BGT binding sites found in chick optic tectum. However, in the optic at room temperature under 1 of 2 conditions: One group (A) was incubated with 1 FM BGT, the other (B) with 1 PM NBT. After preincubating for 2 hr, the experiment was begun by adding sufficient NBT to group A to equalize the final NBT concentration in both groups. Aliquots (100 ~1) in quadruplicate from each sample were removed at the indicated times and the remaining lZ51-NBT bound was determined by the filtration assay. Specific NBT binding was determined as (binding, -binding,) ? (SEMX + SEM;)". The graph plots the specific binding as a percentage of the binding observed at time 0 as a function of elapsed time. The straight portion of the line is a best-fit through the data starting at time 1.5 hr and corresponds to a time 0 intercept of 36%. In 3 experiments using the centrifugation assay, the percentage of binding sites that were slowly dissociating was 68 + 2 1%. Thus, the centrifugation assay may underestimate the portion of rapidly dissociating toxin by as much as 30%. 
NBT 5.0 x 10-9 Lobeline 3.6 x lo-* Nicotine 6.3 x lo-' Cytisine 7.9 x lo-' DMPP 1.0 x 10-e Dihydro-@-erythroidine 1.6 x 10m6 Trimethaphan camsylate 6.3 x 1O-6 ACb 1.6 x 1O-5 d-Tubocurarine Localization of lZSI-NBT binding compared to cholinergic innervation in the chick retina All of the above binding experiments were done on homogenized chick retinas. In order to localize 1251-NBT binding at the light microscopic level, intact retina from 7 d chicks were incubated in 2 nM 1251-NBT in the presence of various competing ligands. The retinas were sectioned and used for the autoradio- Quadruplicate samples consisting of approximately % of a retina were incubated in the presence of either 10 nM lzSI-NBT or 1211-BGT plus any competing ligands (see below) for 2 hr at room temperature. Unbound toxin was removed using the centrifugation assay. Protein concentrations were determined using the bicinchoninic acid protein assay (Pierce Chemical). BGT plus 100 PM dihydro-P-erythroidine.
Dihydro-fl-erythroidine blocks the specific 1251-NBT binding in the inner plexiform layer. Exposure time, 2 months. D (NRS), No immunohistochemical staining is observed if normal rabbit serum is substituted for the rabbit antiserum to chicken choline acetyltransferase. Abbreviations: pe, pigmented epithelium; 04, outer nuclear layer; opl, outer plexiform layer; id, inner nuclear layer; ipl, inner plexiform layer; gel, ganglion cell layer. graphic study shown in Figure 6 (A, C) . In the absence of competing ligands, grains were observed over the same regions described for r*51-BGT binding in chick retina (Vogel and Nirenberg, 1976) ; that is, in a narrow band in the outer plexiform layer and as a broad, diffuse band over the inner plexiform layer (data not shown). In the presence of 1 PM BGT to prevent binding to the shared site, the specific NBT binding is restricted to 2 bands in the inner plexiform layer (Fig. 64 . These bands correspond very closely to 2 bands of choline acetyltransferase immunoreactivity (Fig. 6B) . The binding of lZ51-NBT is eliminated in the inner plexiform layer by 1 PM unlabeled NBT (not shown) or by 100 PM dihydro+erythroidine plus 1 PM BGT (Fig. 6C ). These data suggest that nicotinic receptors recognized by '251-NBT are located in regions of the chick retina in which ACh is synthesized and, perhaps, released as a neurotransmitter.
Discussion
Physiological efects of snake venom neurotoxins Nicotinic ACh receptors are thought to play important roles in processing retinal signals in a variety of organisms (reviewed by Neal, 1983; Puro, 1985) . Electrophysiological evidence implicates nicotinic transmission onto retinal ganglion cells in the rabbit (Masland and Ames, 1976; Ariel and Daw, 1982a, b) and cat retina (Ikeda and Sheardown, 1982) . Recently, we have demonstrated that isolated ganglion cells from rat retina possess nicotinic receptors and that these receptors are blocked by NBT but not by BGT (Lipton et al., 1987) . Although relatively few electrophysiological studies have been performed on chick retina, several lines of evidence suggest that cholinergic function is important in this retina as well. The inner plexiform layer of the chick retina contains high-affinity choline uptake sites (Baughman and Bader, 1977) and stains for both acetylcholinesterase activity and choline acetyltransferase-like immunoreactivity (Millar et al., 1985; Spira et al., 1987) . Muscarinic receptors are similarly localized to this region of the chick retina (Sugiyama et al., 1977) , as are some of the BGT binding sites (Vogel and Nirenberg, 1976; Vogel et al., 1977) . Although BGT binding has been used as a marker for nicotinic receptors in avian retina (Vogel and Nirenberg, 1976; Wang and Schmidt, 1976; Vogel et al., 1977; Yazulla and Schmidt, 1977) several lines of evidence suggest that BGT fails to recognize most forms of neuronal nicotinic receptors. BGT fails to block nicotinic function in most vertebrate autonomic ganglia (reviewed by Chiappinelli, 1985) , and in addition, this toxin has no effect on nicotinic receptors found on central neurons in the spinal cord (Dugan et al., 1976) , interpeduncular nucleus (Brown et al., 1983) locus coeruleus (Egan and North, 1986) , and isolated ganglion cells from rat retina (Lipton et al., 1987) . BGT also does not recognize putative neuronal nicotinic receptors that have been isolated from the brains of chickens (Whiting and Lindstrom, 1986a, b) and rats using monoclonal antibodies raised against nicotinic receptors. In the present study, 10 PM BGT failed to block the hexamethonium-sensitive depolarization in chick retina induced by the application of DMPP.
Unlike BGT, NBT blocks nicotinic receptor function in a variety of neuronal preparations including the chick ciliary ganglion (Ravdin and Berg, 1979; Chiappinelli, 1983; Loring et al., 1984) , rat superior cervical ganglion (Chiappinelli and Dryer, 1984; Sah et al., 1987) , chick sympathetic ganglia (Chiappinelli and Dryer, 1984) and isolated rat retinal ganglion cells (Lipton et al., 1987) . Recently, 2 "neuronal" type nicotinic receptors have been expressed in frog oocytes, following injection of mRNA derived from cDNA clones encoding putative nicotinic receptor subunits from rat brain and from a rat pheochromocytoma cell line (Boulter et al., 1987) . Both of these receptors are blocked by NBT but not by BGT. Similar genes encoding putative subunits for chick neuronal nicotinic receptors have also been reported recently (Nef et al., 1988; Schoepfer et al., 1988) , but the functional expression and pharmacological properties of these chick receptors have not yet been published.
We find that 100 nM NBT substantially blocks nicotinic function on ganglion cells in the intact chick retina. However, since NBT does not block all of the nicotinic function, the possibility remains that NBT fails to recognize certain subtypes of nicotinic receptors present in this tissue. Alternatively, diffusion barriers may prevent NBT from reaching all nicotinic receptors in the intact chick retina. Interestingly, a certain combination of subunit mRNAs encoding neuronal nicotinic receptors from rat has recently been described that, when injected into frog oocytes, give rise to the only neuronal nicotinic receptor subtype yet described that is both functional and insensitive to NBT (Wada et al., 1988) .
All known nicotinic receptors have a vicinal disulfide bond present on the ACh binding subunit that is extremely sensitive to reduction (e.g., Kao et al., 1984) . In fact, the presence or absence of the 2 adjacent cysteine residues has been the main strategy for distinguishing a-subunit DNA sequences from those of other neuronal nicotinic receptor subunits (e.g., Nef et al., 1988; Wada et al., 1988) . Since all of the functional nicotinic response measured in chick retina is blocked by dithiothreitol, retinal receptors, whether or not they are blocked by NBT, clearly have a similar susceptibility to reduction.
lz51-NBT binding to chick retina lZ51-NBT binds to the NBT-specific site with a single apparent affinity (& = 2-3 nM; Fig. 2 ) and a single on-rate (Fig. 3 ) but dissociates in a biphasic manner (Fig. 4) . These data are highly reminiscent of the binding data of lZSI-NBT to cultured neurons from the chick ciliary ganglion (Halvorsen and Berg, 1986) , in which 2 dissociation rates were observed and the proportion of lZ51-NBT binding that dissociates slowly was observed to increase with incubation time or with higher concentrations of lZ51-NBT. A similar 2-phase dissociation of NBT, in which the proportion of slowly dissociating toxin was dependent on incubation time and toxin concentration, was demonstrated by electrophysiological means in cultures of neurons from the rat SCG (Sah et al., 1987) . Thus, a biphasic dissociation appears to be a common feature of NBT binding, although the slow dissociation rate we observed in homogenates of chick retina represents the slowest rate of dissociation of NBT yet observed in a neuronal preparation. This fact, coupled with 30-to lOOfold greater yield of binding sites per tissue compared with that obtained from the chick ciliary ganglion (e.g., Loring and Zigmond, 1987 ) makes the retina an attractive source for the biochemical characterization of neuronal nicotinic receptors. The pharmacological profile of 1251-NBT binding to chick retina appears to be closer to that of the chick ciliary ganglion (Halvorsen and Berg, 1986) than to that of 3H-nicotine binding to immunopurified sites from chick brain (Whiting and LindStrom, 1986b) . In fact, the only major difference between the NBT binding site in the chick retina as opposed to that in the ciliary ganglion is that ACh is a 40-fold less potent inhibitor of NBT binding in the retina (Table 1 ; Halvorsen and Berg, 1986) . Like the )H-nicotine binding in chick brain, lZ51-NBT binding in chick retina is not displaced by certain nicotinic antagonists such as mecamylamine and hexamethonium, which are believed to function as channel blockers (Ascher et al., 1979) . (Likewise, neither mecamylamine nor hexamethonium displace lZ51-NBT from chick ciliary ganglion; R. Loring, unpublished observations). Another antagonist, d-tubocurarine, is approximately equipotent at displacing 'H-nicotine binding in chick brain or lZ51-NBT binding to either chick ciliary ganglion or retina. However, agonists are generally 2 orders of magnitude more potent in displacing 'H-nicotine binding (Whiting and Lindstrom, 1986b) than in displacing 1251-NBT binding from either the chick ciliary ganglion or retina. One explanation put forward for this difference is that the high-affinity 3H-nicotine binding to brain sites represents binding to a desensitized receptor (Whiting and Lindstrom, 1986b) .
It should be noted that the portion of lZ51-NBT binding displaced by nicotinic ligands has been treated as a homogeneous receptor population in the present study. In fact, as already noted, heterogeneity in putative nicotinic receptors has been uncovered in the CNS by both molecular biology (Boulter et al., 1987; Wada et al., 1988 ) and immunological techniques . However, 3H-nicotine binding to 2 immunologically purified subtypes of putative receptors from chick brain has virtually identical pharmacological profiles, suggesting that the binding of nicotinic ligands may not differ much in receptor subtypes with high affinity for nicotine . In contrast, NBT blocks functional nicotinic receptors in both the chick ciliary ganglion (e.g., Ravdin and Berg, 1979) and the chick retina (present paper), and in both of these preparations, relatively high concentrations of nicotine are required to displace '251-NBT (Halvorsen and Berg, 1986; this paper) . This difference in nicotine displacement of 1251-NBT binding in ciliary ganglion versus 3H-nicotine binding in chick brain has prompted the suggestion that brain and ganglionic receptors are pharmacologically distinct receptor subtypes with demonstrable differences in agonist affinity (Whiting and Lindstrom, 1986b) . Thus, the ciliary ganglionic receptors are proposed to have low affinity for .agonists. In fact, electrophysiological studies of nicotinic receptors on cultured chick ciliary neurons suggest that these receptors indeed have a relatively low affinity for ACh (Ogden et al., 1984) . High-affinity nicotine and ACh binding in the brains of several species have now been extensively studied (reviewed by Lindstrom et al., 1987) but little electrophysiological evidence is yet available to indicate whether functional nicotinic receptors from CNS have high affinities for agonists. In at least one part of the CNS, the chick retina, our data suggest that the class of functional nicotinic receptors blocked by NBT has low affinity for agonists. However, our data also indicate that NBT may not block all types of functional nicotinic receptors present in chick retina. It is of interest to establish whether the nicotinic receptors present in chick retina that are not blocked by NBT have high affinity for 3H-nicotine.
The localization of specific lZ51-NBT binding in the chick retina is very similar to that of the muscarinic antagonist 3H-quinuclidinyl benzilate (Sugiyama et al., 1977) and to the distribution of nerve terminals containing choline acetyltransferase-like immunoreactivity (Millar et al., 1985; Spira et al., 1987) . In addition, the monoclonal antibodies used to immunopurify putative neuronal nicotinic receptors from chick brain have recently been used to label putative cholinoceptive neurons in the chick retina (Keyser et al., 1988) . These antibodies label 2 subtypes of ganglion cells in the retina as well as one amacrine cell subtype. These putative cholinoceptive cells project to the same laminae of the inner plexiform layer as those innervated by choline acetyltransferase-like immunoreactive amacrine cells. In addition, double-labeling experiments indicate that few, if any, of the cholinoceptive neurons in chick retina also stain for choline acetyltransferase-like activity. The pattern of binding by lZ51-NBT observed in this study is indistinguishable from the antibody staining patterns within the inner plexiform layer observed by Keyser et al. Further work is necessary to establish whether the antibodies recognize the same macromolecular entity as does NBT in the chick retina.
In summary, our data suggests that NBT blocks at least some types of nicotinic receptors found on ganglion cells in the chick retina, that the pharmacology of 1251-NBT binding to chick retina is nicotinic in nature, and that lZ51-NBT binding is localized to those regions of the chick retina where nicotinic synaptic transmission would be expected.
